Abstract. We use the notion of uniform measure equivalence to prove that the Novikov-Shubin invariants resp. the capacities of amenable groups are invariant under quasi-isometry. Further, we comment on the connection to Gaboriau's theorem on the invariance of L 2 -Betti numbers under orbit equivalence.
Introduction and Statement of Results
Like the L 2 -Betti numbers, the Novikov-Shubin invariants of a compact Riemannian manifold are spectral invariants of the Laplacian of the universal covering and were originally defined in terms of the heat kernel [NS86] . The i-th Novikov-Shubin invariant quantifies the speed of the convergence of the limit
Here F is a fundamental domain for the π 1 (M )-action on the universal covering M of the compact Riemannian manifold M , ∆ i is the Laplacian on the i-forms oñ M , and b i (X) and α i (X) for a cocompact free G-simplicial complex X were developed that coincide with the heat kernel definition in the case of compact Riemannian manifolds. For more information see [Lüc02, chapter 2] . In this work we will take on a very algebraic viewpoint of L 2 -invariants as developed by W. Lück. In his approach the fundamental objects are finite von Neumann algebras and (algebraic) modules over them. Let us recall the definition. Definition 1.1. A von Neumann algebra A is a weakly * -invariant subalgebra of the algebra B(H) of bounded linear operators on some Hilbert space H. It is called finite if it admits a finite normal faithful trace tr A : A → C.
In this paper we only consider finite von Neumann algebras with a fixed trace. Our favorite examples are the group von Neumann algebra N (G) obtained by completing the left regular representation of the complex group ring CG of a discrete group G and the von Neumann algebra N (R) of a countable standard measure preserving equivalence relation R (see section 2). Any finite von Neumann algebra is contained in a bigger algebra that we explain next. A not necessarily bounded operator a on B(H) is affiliated to A ⊂ B(H) if ba ⊂ ab for all operators b ∈ A ′ holds. Here A ′ is the commutant of A, and ba ⊂ ab means that restricted to the possibly smaller domain of ba the two operators coincide. Definition 1.2. Let A be a finite von Neumann algebra. Let U(A) denote the set of all closed densely defined operators affiliated to A. If A happens to be N (G) or N (R) we write U(G) resp. U(R).
Murray and von Neumann [Mv36] showed that these unbounded operators form a *-algebra containing A, when addition, multiplication and involution are defined as the closures of the naive addition, multiplication and involution. More information about U(A) can be found in [Lüc02, chapter 8] and [Rei01] .
For any module M (in the algebraic sense) over a finite von Neumann algebra A there are two numerical invariants, the dimension dim A (M ) ∈ [0, ∞] (defined in [Lüc98a, Lüc98b] ) and the capacity c A (M ) ∈ [0, ∞]∪{0
− } (defined in [LRS99] ). The definition of the latter is reviewed in section 3. With these notions, the i-th L 2 -Betti numbers b
(2) i (X; N (G)) and i-th capacity c i (X; N (G)) of a space X with the action of discrete group G are defined as
Here C • (X) is the singular chain complex of X. If X is a cocompact free Gsimplicial complex or the universal covering of a compact Riemannian manifold, then these L 2 -Betti numbers coincide with the ones defined simplicially or in terms of the heat kernel, and c i (X; N (G)) satisfies i (G) resp. the i-th capacity c i (G) of a discrete group G are defined as b
where EG is the classifying space of G. Notice that H i (EG; N (G)) is just the i-th group homology H i (G; N (G)).
In section 3 we introduce the notion of a cofinal-measurable module over a finite von Neumann algebra A. The capacity is especially well behaved for such modules. Definition 1.3. Let CM be the class of all finitely generated amenable groups G such that H n (G; N (G)) is cofinal-measurable for n ≥ 1.
One can show that a module M over a finite von Neumann algebra A is cofinalmeasurable if and only if U(A) ⊗ A M = 0 [Rei01, note 4.5]. Together with the fact that U(A) is flat over A [Rei01, 2.1 (iii)], this implies the following lemma. Lemma 1.4. The class CM consists precisely of all finitely generated amenable groups G with H n (G; U(G)) = 0 for n ≥ 1. Remark 1.5. By a theorem of Cheeger and Gromov [CG86b] the L 2 -Betti numbers of infinite amenable groups vanish. However, there are amenable groups G, e.g. the lamplighter group, such that H n (G; U(G)) does not vanish for some n ≥ 1. See [LLS] .
The following theorem will be proved in section 4. Theorem 1.6.
(i) The class CM contains all finitely generated elementary amenable groups that have a bound on the orders of their finite subgroups and all amenable groups of type F P ∞ over C. Moreover, if a finitely generated amenable group G has an infinite, finitely generated, normal subgroup in CM, then G lies in CM.
(ii) The class CM is geometric, i.e. if a group G is quasi-isometric to a group in CM then G lies in CM.
Recall that a group G is of type F P n over C, n = 1, 2, . . . , ∞, if the trivial CG-module C has a partial CG-resolution
with each P i finitely generated projective.
The zeroth capacity of a group is given by the following theorem [LRS99, proposition 3.2], whose proof is based on results of Varopoulos. Theorem 1.7. Let G be a finitely generated group. Then
otherwise.
In particular, the zeroth capacity (equivalently, the first Novikov-Shubin invariant) is a quasi-isometry invariant. In [Gro93, 8 .A6] Gromov says that the higher Novikov-Shubin invariants might also be quasi-isometry invariants (for groups with finite classifying spaces). Our main result is the following theorem (proved in section 4) that, in particular, gives an affirmative answer for amenable groups with finite classifying spaces.
The method is to show that the capacities are invariant under uniform measure equivalence, which suffices due to the following theorem. See [Sha, Theorem 1.9. Let G and H be finitely generated, quasi-isometric, amenable groups. Then there is a finite group F such that G and H × F are uniformly measure equivalent.
The concept of uniform measure equivalence was used by Shalom in [Sha] with great success to study the large scale geometry of amenable groups. Let us recall the notion of measure equivalence and uniform measure equivalence. Definition 1.10. Two groups are called measure equivalent (ME) if there exists a standard Borel space Ω equipped with a non-zero Borel measure µ on which G and H act essentially freely, µ-preserving, in a commuting way (say G from the left and H from the right), such that there are finite measure fundamental domains X G ⊂ Ω ⊃ X H for the two actions. The measure space (Ω, µ) is called a measure coupling of G and H. The groups are called uniformly measure equivalent (UME) if the following additional property holds. For every g ∈ G there is a finite subset S g ⊂ H such that gX H ⊂ X H S g and, similarly, for every h ∈ H there is a finite subset S h ⊂ G such that
In this case we call (Ω, µ) a uniform measure coupling.
Remark 1.11. Actually, one does not need to take a product with a finite group in the previous theorem. This is only needed if one wants the uniform measure equivalence arising from topological group actions on a locally compact space. Notice that Shalom's definition of UME [Sha, definition 2.1.5] does not require that the fundamental domain of one group is contained in the union of finitely many translates of the other.
Remark 1.12. We remark that Gaboriau proved that the L 2 -Betti numbers of measure equivalent groups are proportional [Gab02a] . In section 4 we will explain the relation between this result and theorem 1.8. Lemma 1.14. If two finitely generated groups have a common geometric model then they are uniformly measure equivalent. If two finitely generated groups are uniformly measure equivalent then they are quasi-isometric.
The first statement follows from the fact that if X is a common geometric model for the groups G and H then G and H are cocompact lattices in the isometry group of X. Therefore the isometry group equipped with its Haar measure provides a uniform measure equivalence between G (acting by left multiplication) and H (acting by right multiplication). Note that the existence of a cocompact lattice forces the Haar measure to be unimodular. The proof of the second statement (which we will not need) is similar to the proof of the fact that Gromov's dynamic criterion [Gro93, 0.2.C 2 ] implies quasi-isometry. A complete proof is given in [Sau03, Lemma 2.25].
In section 4 we will show the following theorem which generalizes the proportionality theorem in [Lüc02, theorem 3.183].
Theorem 1.15. Let G and H be finitely generated groups, and assume that G is of type F P n+1 over C. If G and H have a common geometric model then c i (G) = c i (H) holds for all 0 ≤ i ≤ n.
ME, UME and the Associated Algebras
We say that an action G X of a countable group G is standard provided X is a standard Borel space equipped with a probability Borel measure µ, G acts by µ-preserving Borel automorphisms and the action is (essentially) free, i.e. the stabilizer of µ-almost every x ∈ X is trivial. The space X is called a probability G-space. The standard actions G X, H Y are said to be weakly orbit equivalent if there exist Borel subsets A ⊂ X, B ⊂ Y meeting almost every orbit and a Borel isomorphism f : A → B which is measure preserving with respect to the normalized measures and satisfies
If A, B happen to have full measure, the actions are said to be orbit equivalent. The cocycle σ of the weak orbit equivalence f is the (partially defined) Borel
as a function in x is (essentially) bounded, i.e. has (essentially) finite image in H, for all g ∈ G.
Definition 2.1. The standard actions G X, H Y are called uniformly weakly orbit equivalent (UWO) if they are weakly orbit equivalent by an weak orbit equivalence f : A → B that satisfies the following additional properties. The space X can be covered by finitely many G-translates of A ⊂ X, and Y can be covered by finitely many H-translates of B ⊂ Y . Further, the cocycles of both f and its inverse f −1 are bounded.
In [Fur99b, 3 .3] Furman shows that the notions of weak orbit equivalence and measure equivalence are equivalent. See also [MS, 2.12,2.14]. We examine the proof keeping track of the cocycles to prove the following uniform analog.
Theorem 2.2. If two countable groups are uniformly measure equivalent then they possess standard actions that are uniformly weakly orbit equivalent.
Proof. Let (Ω, µ) be a uniform measure coupling of G and H. We can assume that the G × H-action on Ω is free by replacing Ω with Ω × F where F is a probability G × H-space, e.g. F = {0, 1}
G×H if the groups are infinite. Let X ⊂ Ω be a fundamental domain for the left action of G, and let Y ⊂ Ω be a fundamental domain for the right action of H. The Borel maps σ X : H×X → G, σ Y : G×Y → H are defined by the rules xh ∈ σ X (h, x)X and gy ∈ Y σ Y (g, y).
By assumption, x → σ X (h, x) and y → σ Y (g, y) are bounded for each h ∈ H and g ∈ G. With the identifications X = G\Ω and Y = Ω/H we get µ-preserving, free actions X H, G Y . They are explicitly given by
Let us keep the dot notation for these actions to distinguish it from the actions on Ω. For x ∈ Ω let γ(x) ∈ H be the unique element in H such that xγ(x) ∈ Y , and let δ(x) ∈ G be the unique element with δ(x)x ∈ X. By assumption, γ : X → H and 
is a Borel subset and there exists a Borel subset A ⊂ X such that f = p |A is a Borel isomorphism onto B. One easily sees that f is a weak orbit equivalence (with respect to the normalized measures on X, Y ), but we must be more explicit to show that f is uniform.
Because of the equivariance of p we have
, so the cocycle of f is bounded. For the cocycle of f
Because γ and σ Y are bounded, we get that there is a finite set F (g) ⊂ H, depending only on g, such that w ∈ x · F (g). Therefore we have f
, and so the cocycle of f −1 is bounded. Now let y ∈ Y . Then we have y = p(δ(y) −1 (δ(y)y)) ∈ δ(y) −1 · B. Because δ is bounded, we obtain that finitely many translates of B cover Y . For every
−1 ). Thus finitely many translates of A cover X because γ is bounded.
Now we introduce some algebras associated to groups and group actions.
Definition 2.3. Let (X, µ) be a probability G-space. The crossed product L ∞ (X, µ) * G is, as an abelian group, the free L ∞ (X, µ)-module with basis G. It carries a ring structure uniquely determined by the rule gf = (f
The equivalence relation R ⊂ X × X on a probability G-space X given by the G-orbits is an example of a countable standard measure preserving equivalence relation. Let us recall its definition [FM77a] . Definition 2.4. A countable standard measure preserving equivalence relation (short: standard equivalence relation) R ⊂ X × X on a standard Borel space X with probability measure µ is an equivalence relation such that the equivalence classes are countable, R ⊂ X ×X is Borel and every partial isomorphism φ : A → B, whose graph is contained in R, preserves µ.
Definition 2.5. For a map φ : R → C define the sets R φ (x) = {z ∈ X; φ(x, z) = 0}, L φ (y) = {z ∈ X; φ(z, y) = 0}. The groupoid ring CR is the subset of L ∞ (R, C) consisting of all φ : R → C with the following property. There is a constant N = N (φ) such that #R φ (x) ≤ N and #L φ (x) ≤ N hold f.a.a. x ∈ X. The addition is pointwise defined. The multiplication is defined by (φ · ψ)(x, y) = z∼x φ(x, z)ψ(z, y). Remark 2.6. If R is the orbit equivalence relation of a standard action G X, the crossed product L ∞ (X, µ) * G can be considered as a subring of CR via the embedding that maps g f g g ∈ L ∞ (X, µ) * G to ψ ∈ CR defined by ψ(gx, x) = f g (gx). Obviously, φ ∈ CR lies in the crossed product ring if and only if there is a finite subset F ⊂ G such that g ∈ F implies φ(gx, x) = 0 f.a.a. x ∈ X.
Remark 2.7. The measure µ on X induces a measure µ R on R by setting µ(A) = X #{y; (x, y) ∈ A}dµ(x) for a Borel subset A ⊂ R. See [FM77a, theorem 2].
In [FM77b] the von Neumann algebra N (R) of R is defined. It is equipped with a finite trace tr N (R) : N (R) → C, and it contains the groupoid ring CR as a strongly dense subalgebra. For φ ∈ CR ⊂ N (R) one has tr N (R) (φ) = X φ(x, x)dµ(x). Now suppose R is the orbit equivalence relation of a standard action G X. Then N (R) can also be defined as the crossed product (in in the von Neumann algebra sense) of L ∞ (X, µ) with G. It contains the group von Neumann algebra N (G) in such a way that tr N (R) extends the standard trace on N (G). The inclusion N (G) ⊂ N (R) extends to an inclusion U(G) ⊂ U(R) of the algebras of closed, densely defined operators. To summarize, we have the following commutative diagram of inclusions.
Next we discuss the functoriality of our algebraic objects. It is clear that a an orbit equivalence between standard equivalence relations induces isomorphisms between the groupoid rings and groupoid von Neumann algebras. For the restriction R |A of a standard equivalence relation on X to a Borel subset A ⊂ X we get the identifications
Here χ A is the characteristic function of A. We always use the normalized measures resp. traces on the restricted relations resp. algebras. Now consider standard actions G X, H Y and a weak orbit equivalence f : A → B, A ⊂ X, B ⊂ Y , between them. Denote by R G and R H the associated orbit equivalence relations on X resp. Y . It is not true in general that the isomorphism between the restricted groupoid rings induced by f restricts to an isomorphism of the crossed product rings. The condition for this to be true is exactly f being uniform.
Lemma 2.8. If f : A → B is a uniform weak orbit equivalence then the induced isomorphism between CR G |A and CR H |B restricts to the (restricted) crossed product rings. Hence we get the following commutative diagram of ring inclusions and isomorphisms.
Furthermore, the map between the von Neumann algebras is trace-preserving.
There is a finite subset F ⊂ H such that for h ∈ F we have φ(hy, y) = 0 almost everywhere. There is a finite subset L ⊂ G such that g ∈ L implies f (gx) ∈ F f (x) almost everywhere because the cocycle of f −1 is bounded. Therefore we have for g ∈ L that f * φ(gx, x) = φ(f (gx), f (x)) = 0 almost everywhere, i.e. f * φ ∈ χ A (L ∞ (X) * G)χ A . Since the inverse f −1 restricts to the restricted crossed product rings by the same argument, we obtain an isomorphism between them. Definition 2.9. An idempotent p in a ring R is called full if R is generated as an abelian group by elements of the form rpr ′ , r, r ′ ∈ R.
For the following lemma see [Lam99, section 18, especially example (18.30)].
Lemma 2.10. Let p be a full idempotent in a ring R. Then the rings R and pRp are Morita equivalent, and the mutual inverse Morita equivalences between their module categories, which are exact and preserve projectives, are given by tensoring with the bimodules pR, Rp. In particular, the canonical maps Rp ⊗ pRp pR → R and pR ⊗ R Rp → pRp are isomorphisms.
Lemma 2.11. Let X be a probability G-space, and be A ⊂ X a Borel subset such that finitely many G-translates of A cover X. Then χ A is a full idempotent in
Proof. Let g 1 , . . . g n be group elements of G such that
Capacity of Modules over a Finite von Neumann Algebra
We review the definition of capacity in [LRS99] . Let A be a finite von Neumann algebra with a fixed trace tr A . Note that M n (A) is also a finite von Neumann algebra equipped with the trace tr
+ of an operator a ∈ A is defined as
In [Lüc97, lemma 3.4, definition 3.11] it is shown that for every finitely presented A-module M with dim A (M ) = 0 there is a short exact sequence
where r A is right multiplication with a positive matrix A ∈ M n (A). Further, α Mn(A) (A) depends only on M , not on the choice of the exact sequence. Define
Here we set 1/∞ = 0, 1/∞ + = 0 − and 0 − < 0. If M happens to be a finitely generated projective A-module then the matrix A in the sequence above is a projection, which easily implies the following fact. 
where r A is right multiplication with a positive matrix A ∈ M n (pAp). Tensoring by Ap is flat (see remark 2.10), so we obtain a short exact sequence
The map in the middle is an A-equivariant endomorphism of A n given by right multiplication with the matrix A+(1−p) id A n ∈ M n (A). In particular, we have that Ap⊗ pAp M is again zero-dimensional since the dimension dim A is additive [Lüc98a, theorem 0.6]. Now let us show two general facts about spectral calculus in a von Neumann algebra A. Let f : R → R be an essentially bounded Borel function with f (0) = 0.
(1) For selfadjoint a, b ∈ A satisfying a · b = b · a = 0 we have the following equality of operators obtained by spectral calculus in A with respect to f .
(2) For a projection p ∈ A and selfadjoint a ∈ pAp the equality
holds. Since f (a; A) is the strong limit of operators of the form q(a; A) where q is a polynomial with vanishing constant term, it suffices to show these equalities for f (x) = x n , n ≥ 1. This is obvious; note for (2) that pa = ap = a holds. Notice that we have χ (0,λ] ((1 − p) id A n ) = 0 for λ < 1, because (1 − p) id A n is a projection. Now we compute using (1) and (2) for λ < 1
Thus α Mn(pAp) (A) = α Mn(A) (A + (1 − p) id A n ) holds, hence the assertion for M follows. Now assume that M is measurable. For ǫ > 0 let N be a zero-dimensional, finitely presented pAp-module surjecting onto M such that c pAp (N ) ≤ c pAp (M ) − ǫ. As seen above, Ap ⊗ pAp N is again finitely presented zero-dimensional, and it surjects onto Ap ⊗ pAp M . Then we obtain If p ∈ A is a full idempotent, then for every A-module M the A-module Ap⊗ pAp pM is isomorphic to M (see 2.10). This yields the following corollary. Lemma 4.1. Let X be a probability G-space and be A ⊂ X a Borel subset with the property that finitely many of its G-translates cover X. Denote by R the orbit equivalence relation of this action. There are isomorphisms
Proof. Let P n , n ≥ 0, be a projective CG-resolution of C. Then H n (G; χ A N (R))) is isomorphic to the n-th homology of
. It is also a projective resolution because a Morita equivalence preserves projective modules (see 2.11). This implies that the homology of χ A N (R)⊗ CG P • is also isomorphic to T or
The argument for U(R) is completely analogous.
Proof of theorem 1.6. (i) Let G be an amenable group of type F P ∞ over C. The category of finitely presented modules over a finite von Neumann algebra is abelian [Lüc97, theorem 0.2]. This implies that the group homology H n (G; N (G)) of G with coefficients in its group von Neumann algebra is finitely presented. By a theorem of Cheeger and Gromov dim N (G) (H n (G; N (G))) = 0, n ≥ 1, holds for amenable G (see also [Lüc98a, corollary 5.13]). Due to [Lüc02, 8.22 (4) ] dim N (G) (M ) = 0 and U(G) ⊗ N (G) M = 0 are equivalent for a finitely presented module M . This yields U(G) ⊗ N (G) H n (G; N (G)) = 0, n ≥ 1. Since U(G) is flat over N (G) [Lüc02, theorem 8.22 (2)], we obtain H n (G; U(G)) = 0, n ≥ 1, hence G lies in the class CM. For an elementary amenable group with a bound on the orders of finite subgroups U(G) is a flat CG-module [Rei99, theorem 9.1]. Hence such a G lies in CM. Now assume that a group G has an infinite, finitely generated, normal subgroup H which lies in CM, i.e. H n (H; U(H)) = 0, n ≥ 1. Since H is finitely generated, the module H 0 (H; N (H)) = 0 is finitely presented, and since H is infinite, its zeroth L 2 -Betti number vanishes. As seen above, this implies H 0 (H; U(H)) = 0. Since U(G) is flat over U(H) by 3.2 we get H n (H; U(G)) = 0 for n ≥ 0. The Hochschild-Serre spectral sequence now yields H n (G; U(G)) = 0, n ≥ 0, in particular G ∈ CM.
(ii) Let H be a group in CM and be G quasi-isometric to H. It is well known that amenability is a geometric property, so G is amenable. It easy to see that H × F lies in CM for every finite group F . Hence we can assume by 1.9 and 2.2 that the groups G and H possess standard actions G X, H Y that are uniformly weakly orbit equivalent, i.e. there exists a measure preserving Borel isomorphism f : A → B between Borel subsets A ⊂ X, B ⊂ Y which are equipped with the normalized measures and have the property that finitely many of its translates cover X resp. Y . Denote by R G , R H the orbit equivalence relations of the respective standard actions. As remarked in 2.11, the characteristic functions χ A , χ B are full idempotents in the respective crossed product rings, hence in any rings containing them. So for every U(R G )-module M , the vanishing of M is equivalent to the vanishing of the χ A U(R G )χ A -module χ A M . Similarly for every U(R H ) module. For that reason and since U(G) ⊂ U(R G ) is faithfully flat by 3.2, G being in CM is equivalent to H n (G; χ A U(R G )) = 0, n ≥ 1. Similarly, H being in CM is equivalent to H n (H; χ B U(R H )) = 0, n ≥ 1. Recall the identification χ A U(R G )χ A = U((R G ) |A ), similarly for R H . Now the assertion is obtained from 2.8 and 4.1.
Proof of theorem 1.8 and 1.15. Let G and H be finitely generated groups. Assume that G, H are quasi-isometric and G lies in the class CM or that G, H have a common geometric model and G is of type F P n+1 over C. In the first case H lies in CM by theorem 1.6, and G and H × F for some finite group F are uniformly measure equivalent by 1.9. In the second case H is of type F P n+1 by [Alo94, corollary 9], and G, H are uniformly measure equivalent by 1.14. Since c n (H) = c n (H × F ) holds (see [LRS99, theorem 3 .7]), we can assume that G and H are uniformly measure equivalent in both cases. This is exactly what we need in the following. Now consider a standard action of G on a probability space X, its orbit equivalence relation R G and a Borel subset A ⊂ X with the property that finitely many G-translates cover X. This is sufficient since by lemma 4.1 the homology modules H n (G; χ A N (R G )), H n (H; χ B N (R H )) are isomorphic to T or
) and a uniform measure equivalence f : A → B induces an isomorphism between these Tor-terms (see 2.8). Compare the previous proof. For the following recall that N (R G ) is flat over N (G) by 3.2 and that χ A is a full idempotent in the crossed product ring, thus giving rise to a Morita equivalence (see 2.11, 2.10). If G lies in CM then H n (G; N (G)) is cofinalmeasurable, and if G is of type F P n+1 over C then H n (G; N (G)) is finitely presented since the category of finitely presented N (G)-modules is abelian [Lüc97, theorem 0.2]. We have N (R G ) ⊗ N (G) H n (G; N (G)) = H n (G; N (R G )). Since H n (G; N (G)) is cofinal-measurable or finitely presented, c N (RG) (H n (G; N (R G ))) = c n (G) holds by 3.2. Now corollary 3.4 implies c n (G) = c χAN (RG)χA H n (G; χ A N (R G ) . The argument for H is similar. This finishes the proof.
The relation to Gaboriau's result on L 2 -Betti numbers In [Gab02a] Gaboriau gives a definition of L 2 -Betti numbers of standard equivalence relations, which is motivated by Cheeger's and Gromov's definition of L 2 -Betti numbers of groups [CG86a] . In my thesis [Sau03] I defined L 2 -Betti numbers
n (R) of a standard equivalence relation R on X (more generally, discrete measured groupoids) using Lück's dimension theory (see [Lüc98a] , [Lüc98b] ). There b But the crossed product L ∞ (X) * G depends also on G and not only on the orbit equivalence relation unlike CR. Recall that the crossed product is not invariant under orbit equivalence but it is invariant under uniform orbit equivalence 2.8.
